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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a thin film zinc 
oxide resonator having higher crystalline performance 
and orientation without giving any effect on its resistivity 
and to provide its manufacturing method. 
SOLUTION: This invention discloses the manufacturing 
method of the resonator. This method includes a step 
that provides a substrate base (50) having a dielectric 
layer. Then an adhesive layer (115) is formed on the 
dielectric layer and a new creation promoting film (1 20) 
is formed on the adhesive layer. Succeedingly a zinc 
oxide layer (125) is formed on the new creation 
promoting film and an upper side conductive layer (1 30) 
is formed on the zinc oxide layer. 
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(57) [Abstract] 

[Technical problem] Offer the thin film zinc-oxide resonator which has 
higher crystallinity and a higher stacking tendency, and its manufacture 
approach, without affecting the resistivity. 
[Means for Solution] The manufacture approach of a resonator is 
indicated. This approach contains first the step which offers the 
substrate base (50) which has a dielectric layer. Then, an adhesive 
layer (115) is formed on a dielectric layer, and the new chestnut ESHON 
promotion film (120) is formed on an adhesive layer. Then, a zinc-oxide 



layer (125) is formed on the new chestnut ESHON promotion film, and a 
top conductivity layer (130) is formed on a zinc-oxide layer. 
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CLAIMS 



[Claira(s) ] 

[Claim 1] The manufacture approach of a resonator characterized by 
providing the following. (A) The step which offers the substrate base 
(B) The step which forms an adhesive layer on said substrate base (C) 
The step which forms the non-oxidizing new chestnut ESHON promotion film 
on said adhesive layer (D) Step which forms the crystalline layer of a 
zinc oxide on said new chestnut ESHON promotion film (E) Step which 
forms a conductive layer on the crystalline substance layer of said zinc 
oxide 



[Claim 2] The approach according to claim 1 characterized by said 
substrate base containing an air gap. 

[Claim 3] The approach according to claim 1 that said new chestnut ESHON 
promotion film is characterized by including Pt. 
[Claim 4] The approach according to claim 1 characterized by said 
adhesive layer containing at least one of Ti and Cr(s) which are formed 
of the sputtering step which uses Ar plasma. 

[Claim 5] The approach according to claim 1 characterized by the step 

which forms said new chestnut ESHON promotion film containing the step 

which carries out sputtering of the Pt with Ar plasma. 

[Claim 6] The step which forms the crystalline substance layer of said 

zinc oxide is Ar and 02. Approach according to claim 1 characterized by 

including the step of reactive sputtering which uses the plasma to 

include. 

[Claim 7] The manufacture approach of the resonator characterized by to 
have the step which offers the resonator substrate base, the step which 
forms an adhesive layer on said resonator substrate base, the step which 
forms the new chestnut ESHON promotion film of Pt on said adhesive layer, 
the step which carries out reactive sputtering of the piezoelectricity 
layer of a zinc oxide on said new chestnut ESHON promotion film of Pt, 
and the step which forms a top electrode on said zinc-oxide layer. 
[Claim 8] Said substrate base is an approach according to claim 7 
characterized by including an air gap. 

[Claim 9] Said adhesive layer is an approach according to claim 7 
characterized by including at least one of Ti and Cr(s) which are formed 
of the sputtering step which uses Ar plasma. 

[Claim 10] The approach according to claim 7 characterized by the step 
which forms said new chestnut ESHON promotion film of Pt containing the 
sputtering step which uses Ar plasma. 

[Claim 11] The step which carries out reactive sputtering of the layer 
of said zinc oxide is Ar and 02. Approach according to claim 7 
characterized by using the plasma to include. 

[Claim 12] The approach according to claim 7 characterized by for the 
approach of carrying out reactive sputtering of the layer of said zinc 
oxide rotating the substrate base, and realizing it. 
[Claim 13] The resonator characterized by having the top electrode 
formed on the resonator substrate base, the adhesive layer formed on 
said resonator substrate base, the new chestnut ESHON promotion film 
containing Pt formed on said adhesive layer, the crystalline substance 
layer of the zinc oxide formed on said new chestnut ESHON promotion film, 
and the crystalline substance layer of said zinc oxide. 



[Claim 14] The resonator according to claim 13 characterized by said 
resonator substrate base containing an air gap. 

[Claim 15] The resonator according to claim 13 with which said adhesive 
layer is characterized by including at least one of Ti and Cr(s). 
[Claim 16] The resonator according to claim 13 with which said new 
chestnut ESHON promotion film is characterized by including Pt. 
[Claim 17] Textured crystalline substance structure characterized by 
having a textured zinc oxide layer and the new chestnut ESHON promotion 
film for promoting formation of said textured zinc oxide layer, and said 
new chestnut ESHON promotion film containing Pt. 
[Claim 18] Said new chestnut ESHON promotion film is textured 
crystalline substance structure according to claim 17 characterized by 
including <111> orientation. 

[Claim 19] The electron device characterized by having a resonator 
containing the top electrode formed on the new chestnut ESHON promotion 
film characterized by providing the following, the crystalline substance 
layer of the zinc oxide formed on said new chestnut ESHON promotion film, 
and the crystalline substance layer of said zinc oxide The antenna for 
[ of transmission of at least one signal, and the reception ] at least 
one The filter for filtering said at least one signal Amplifier for 
amplifying said at least one signal It is Pt which has the mixer which 
has an oscillator for mixing said at least one signal, and was formed on 
the adhesive layer by which said oscillator was formed on the resonator 
substrate base and said resonator substrate base, and said adhesive 
layer. 

[Claim 20] Said new chestnut ESHON promotion film is an electron device 
according to claim 19 characterized by including <111> orientation. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a resonator and 
relates to the approach of manufacturing a zinc-oxide resonator 
especially. 
[0002] 

[Description of the Prior Art] For example, the constraint about the 
conventional resonator has become increasingly clear by increase of the 
commercialization of an electron device which operates on a personal 
communication service (PCS) system, a cellular phone, a cordless 
telephone, a pager, and a frequency higher than 500MHz like a 
communication satellite. According to the impression of electric field 
which carries out alternation, the piezoelectric crystal which vibrates 
with resonance frequency including a fundamental wave and a higher 
harmonic is used for a traditional resonator. The fundamental frequency 
produced according to this phenomenon is defined by making into twice 
membranous thickness the division of the acoustic velocity (v) of the 
energy transmitted through a frame. While a sound reflecting layer 
controls a frequency like a specific higher harmonic which is not 
desirable as known well, since a desired frequency is reflected, it is 
added by this relation. 

[0003] Rapid increase of a wireless network increased the research 
efforts to the alternative-ingredient suitable for a resonator 
application 400MHz or more. This driving force is supported by actual 
constraint, when manufacturing a crystal thin enough from Xtal or a 
traditional ingredient like ceramics. In the relation between resonance 
frequency and thickness, the need over the resonator of a higher 
frequency drew inspection of the alternative-thin film material which 
has sufficient reinforcement. 

[0004] In order that the resonator formed from a thin film material may 
add electric field to a piezoelectricity ingredient and a 
piezoelectricity dielectric typically, in order to form the electrode of 
a pair, and a standing wave at least, the reflecting surface of a pair 
is included at least. An electrode is realized in a predetermined thin 
film resonator application by the thin film metal layer which can work 
also as a reflecting surface. In this application, a thin film resonator 
points out both a bulk acoustic wave (BAW) device and a surface acoustic 
wave (SAW) device. 

[0005] In a typical resonator, the metal / air interface interface 
formed with the electrode of a resonator top are committed as reflective 



main sources. The piezoelectricity layer which contains a textured 
(textured) thin film between a top electrode and a bottom electrode is 
sandwiched. In this application, orientation is carried out and a 
textured thin film is defined as a thing which was observed according to 
the X diffraction which enters between the range of the random 
polycrystal in one boundary, and the single crystal in other boundaries 
and which aligned atomically. Moreover, an X diffraction locking 
(rocking) curve may be used in order to measure extent of a texture. 
[0006] When a resonator is a BAW device, a textured piezoelectricity 
layer has the perpendicular polar direction to the front face of a 
resonator substrate. When a resonator is a SAW device, a textured 
piezoelectricity layer has one of the perpendicular or parallel polar 
directions to the front face of a resonator substrate. Since a bottom 
metal layer is typically formed on a substrate, a resonator also 
contains the air gap sound cavity formed in the substrate base. 
[0007] Various ingredients were inspected in quest of the resonator 
formed from the thin film which can deal with the frequency exceeding 
400MHz correctly. Analysis is mainly two variables, the quality factor Q, 
and the electromechanical coupling coefficient k2. It focused. The 
quality factor Q is a thing about the response quality of a resonator, 
and is a coupling coefficient k2. It is a thing about the conversion 
efficiency between the electric energy of a resonator, and mechanical 
energy. 

[0008] Q and k2 Both are in inverse proportion to the proper (intrinsic) 
sound loss produced with a resonator in the defined clock frequency band. 
Refer to Campbell, Surface Acoustic Wave Devices and Their Signal 
Processing Applications, Academic Press, Inc. , 1989 (hereafter referred 
to as Campbell) and Rosenbaum, Bulk Acoustic Wave Theoryand Device, 
Artech House, and 1988 (hereafter referred to as Rosenbaum). 
[0009] There are alumimium nitride and a zinc oxide as a textured thin 
film available now. Although it has a predetermined advantage about the 
unification with the semiconductor device on a single die with the 
possibility, alumimium nitride is observed as what has a coupling 
coefficient (k2) smaller than a zinc oxide, and is known by this 
contractor. Since a coupling coefficient (k2) is equivalent to the 
bandwidth of the resonator obtained, a zinc oxide has a characteristic 
advantage in the resonator application in a top [MHz / 400 ]. 
[0010] It is analyzed that the thin film of a zinc oxide has two 
descriptions, and fits the resonator application. A zinc oxide may be 
formed [ 1st ] in the state of an amorphous substance or the crystal 
structure. It corresponds to the structure condition that there is no 



regularity or regularity of a zinc-oxide atom in a thin film. An 
amorphous state may be included, when a zinc oxide is formed as a thin 
film in the temperature in which new KURISHON (nucleation) does not 
occur below it and/or is doped. 

[0011] In this application, new KURISHON is defined as promotion of 
crystallization of the textured film regardless of the structure of a 
substrate where the textured film is formed on it. Similarly, a zinc 
oxide shows the textured crystal structure, when formed in a known 
heating cycle. As a thin film in a resonator, a zinc oxide is formed by 
the highest possible crystallinity and the highest possible stacking 
tendency, and it is the highest electromechanical coupling coefficient 
k2. And it is the purpose to acquire the minimum possible loss of the 
use sake as a controllable oscillating element. 

[0012] Moreover, a zinc oxide is resistance essentially. This property 
relates between a defect, depletion, and a grid and/or to the number of 
stacking defects or the purity of a zinc oxide functionally. Therefore, 
resistivity becomes comparatively low when [ that the zinc oxide used is 
comparatively impure or ] there are many defects. Similarly, the zinc 
oxide chosen becomes comparatively high [ resistivity ], when purity and 
the number of defects are comparatively low. It is advantageous to use 
the zinc oxide which has the highest resistivity to a resonator type 
application, therefore to use the zinc oxide of a high grade 
comparatively. 

[0013] Although the thin film zinc oxide had been used for the resonator, 
the structure of having the limited piezoelectricity nature was produced 
and the method of manufacturing the zinc-oxide thin film which has a 
limitation in crystallinity, a stacking tendency, and resistivity 
existed. It turned out that these known approaches have the restricted 
locking curve, reinforcement, and other measurable properties which 
include the further diffraction peak in a list according to an X 
diffraction. 
[0014] 

[Problem (s) to be Solved by the Invention] As a result, there is need 

about the thin film zinc-oxide resonator which has higher crystallinity 

and a higher stacking tendency, and its manufacture approach, without 

affecting the resistivity. | 

[0015] ' 

[Means for Solving the Problem] The manufacture approach of a resonator j 

is indicated. According to the 1st operation gestalt, an approach 

contains first the step which offers the resonator substrate base. An 

adhesive layer is formed on the resonator substrate base, and a new 



chestnut ESHON promotion layer is formed on an adhesive layer after that, 
A zinc-oxide crystalline substance layer is formed on the new chestnut 
ESHON promotion film after that, and the 2nd conductive layer is formed 
on the crystalline substance layer of a zinc oxide. The constraint 
accompanying the known method of manufacturing a zinc-oxide thin film is 
conquered by using the new chestnut ESHON promotion film which promotes 
new chestnut ESHON of a zinc-oxide layer. In the further operation 
gestalt of this invention, the new chestnut ESHON promotion film 
promotes texture-ization of a zinc oxide layer. A zinc oxide layer is 
texture-ized and crystallinity and a stacking tendency increase 
regardless of the substrate type with which a resonator is formed on it. 
[0016] According to another operation gestalt of this invention, the 
method of manufacturing a resonator is indicated. This approach contains 
the step which offers first the resonator substrate base which has an 
adhesive layer. Then, the new chestnut ESHON promotion film of Pt is 
formed on an adhesive layer. Then, the spatter of the crystalline 
substance layer of a zinc oxide is carried out in reaction on the new 
chestnut ESHON promotion film. It promotes that a new chestnut ESHON 
promotion layer increases crystallinity and a stacking tendency in 
formation of a zinc-oxide layer regardless of the substrate type with 
which a resonator is formed on it. In the further operation gestalt of 
this invention, the new chestnut ESHON promotion film promotes texture- 
ization of a zinc oxide layer. And a top electrode is formed on a zinc- 
oxide layer. 

[0017] According to another operation gestalt of this invention, a 
resonator is indicated. This resonator contains the resonator substrate 
base and an adhesive layer. The new chestnut ESHON promotion film is 
formed on an adhesive layer, and the crystalline substance layer of a 
zinc oxide is formed on the conductive new chestnut ESHON promotion film. 
The new chestnut ESHON promotion film promotes increasing crystallinity 
and a stacking tendency between formation of a zinc-oxide layer 
regardless of the substrate type with which a resonator is formed on it, 
the further operation gestalt ~ being, the new chestnut ESHON promotion 
film promotes texture-ization of a zinc oxide layer. A resonator 
contains a top electrode further on the thin film layer of a zinc oxide. 
[0018] According to another operation gestalt of this invention, the 
electron device which uses a resonator is indicated. An electron device 
contains the filter for filtering the antenna for transmitting or 
receiving at least one signal, and at least one signal. Moreover, an 
electron device contains the mixer for carrying out mixing of the 
amplifier for amplifying at least one signal, and at least one signal. A 



mixer contains the oscillator which has a resonator. 

[0019] A resonator contains the top electrode formed on the crystalline 
substance layer of the zinc oxide formed on the new chestnut ESHON 
promotion film on the adhesive layer formed on the resonator substrate 
base and the resonator substrate base, and an adhesive layer, and the 
new chestnut ESHON promotion film, and the zinc-oxide layer. The new 
chestnut ESHON promotion film does not oxidize, for example, has face- 
centered lattice cube (fee) structure and <111> orientation. Moreover, 
the new chestnut ESHON promotion film promotes increase of crystallinity 
and a stacking tendency between formation of a zinc-oxide layer. In the 
further operation gestalt, the new chestnut ESHON promotion film 
promotes texture-ization of a zinc oxide layer. 
[0020] 

[Embodiment of the Invention] In drawing 1 and drawing 2 , the resonator 
40 by 1 operation gestalt of this invention is shown. A resonator 40 may 
be formed including INTADEJITARUTORANSUDEYUSA (IDT) although it may be a 
bulk acoustic wave (BAW) device, however so that the following 
explanation may also show a surface acoustic wave (SAW) device. 
[0021] A resonator 40 includes the resonator substrate base 50. It is 
clear for this contractor that the resonator substrate base 50 may also 
contain the air gap sound cavity which is not illustrated. The substrate 
base 50 contains the substrate layer 65. The substrate layer 65 contains 
silicon (Si). However, the substrate layer 65 may instead contain a 
diamond, Xtal, silicon carbide (SiC), sapphire (aluminum 203), gallium 
arsenide (GaAs), and other ingredients clear from explanation of this 
application for this contractor. 

[0022] The resonator substrate base 50 also contains the stack of the 
dielectric layer formed on the substrate layer 65. The stack of a 
dielectric layer offers functionally the electric insulating-substrate 
layer 65 from sound ref lexibility and the conductive layer which is 
explained below at a detail and which is formed after that about a BAW 
device. About a SAW resonator application, the substrate layer 65 has 
higher acoustic velocity compared with a BAW resonator application. 
However, it should be recognized to the SAW application that the stack 
of a dielectric layer is not contained on the resonator substrate layer 
65. Similarly, the dielectric layer formed the substrate layer 65 and on 
it must have a higher acoustic impedance about a BAW resonator 
application compared with a SAW resonator application. 
[0023] In an example, the amorphous diacid-ized silicon (a-Si02) and the 
amorphous alumimium nitride (a-AlN) layer of a lot which carry out 
alternation are included at least. Here, a dielectric stack may be 



realized by nine layer stacks containing the amorphous diacid-ized 
silicon (a-Si02) layers 70, 80, 90, and 100, the amorphous alurairaium 
nitride (a-AlN) layers 75, 85, 95, and 105 formed on it, respectively, 
and the amorphous diacid-ized silicon (a-Si02) layer 110 by the side of 
the top prepared on the amorphous alumimium nitride (a-AlN) layer 105. 
[0024] It is clear for this contractor that follow, for example, 
alternative-a configuration and an ingredient are used in the above- 
mentioned instantiation dielectric stack. It can follow, for example, 
diacid-ized silicon can be used instead of amorphous diacid-ized silicon 
(a-Si02), and amorphous nitriding silicon (a-AlN) can be similarly 
replaced by alumimium nitride (AIN). 

[0025] A resonator 40 contains the adhesive layer 115 formed on the 
amorphous diacid-ized silicon (a-Si02) layer 110. The adhesive layer 115 
offers functionally the adhesion property for the layer of the 
consecutiveness formed on it so that it may explain below at a detail. 
Although the adhesive layer 115 is continuation, formation of a pinhole 
should not bar the use. The adhesive layer 115 will become clear [ the 
replacement by the predetermined alloy / to this contractor ] from the 
explanation in here at a zirconium (Zr), a hafnium (Hf), vanadium (V), 
niobium (Nb), a tantalum (Ta), molybdenum (Mo), and a tungsten (W) list, 
for example, although it contains titanium (Ti) or chromium (Cr). The 
adhesive layer 115 may be formed of a sputtering step so that the 
following explanation may show. 

[0026] The bottom electrode 120 is formed on the adhesive layer 115. An 
electrode 120 contains the new chestnut ESHON promotion film for 
promoting new chestnut ESHON and crystallinity in the textured 
crystalline substance layer formed behind so that the following 
explanation may show. An electrode 120 is patternized in the further 
operation gestalt of this invention. 

[0027] The bottom electrode 120 contains platinum (Pt). However, various 

non-oxidized conductivity alternatives for, for example, promoting the 

crystal growth of consecutiveness like gold (Au), a rhodium (Rh), 

palladium (Pd), silver (Ag), and iridium (Ir) may be used instead. The 

bottom electrode 120 is a non-oxidizing quality, and it is advantageous 

to have the face-centered lattice cube (fee) structure of perpendicular 

<111> orientation to the front face of the resonator substrate 50. 

[0028] Moreover, orientation is carried out and a resonator 40 contains 

the textured piezoelectricity layer 125 which has the crystal structure | 

which has a perpendicular polar axis, i. e. , the c-axis about a URUTSU 

(Wurtzite) structural material, to the front face of the resonator 

substrate 50, and which aligned atomically. The textured 



piezoelectricity layer 125 contains a zinc oxide. However, probably, the 
range of the permutation and alternative like other ingredients which 
have aluraimiura nitride (AIN) and URUTSU structure, for example will be 
clear to this contractor based on the indication in here. The zinc-oxide 
layer 125 may be formed of a reactive-sputtering step so that the 
following explanation may show. 

[0029] The top electrode 130 is formed on the textured piezoelectricity 
layer 125. The top electrode 120 is also patternized in another 
operation gestalt of this invention. The pattern relevant to the top 
electrode 130 is twisted although a resonator 40 is a SAW device about 
whether it is a BAW device. Campbell It reaches. Rosenbaum Refer to. 
Although an electrode 130 contains titanium (Ti) or platinum (Pt), 
various alternatives which have Au, conductivity like palladium (P), and 
the property of not oxidizing, for example may be used. In another 
operation gestalt, an electrode 130 includes the face-centered lattice 
cube (fee) structure of <111> orientation perpendicular to the front 
face of the resonator substrate 50. 

[0030] In drawing 3 (a) and 3 (b), the 1st [ of a resonator 40 ] and 2nd 
alternative-like configurations shown in drawing 1 and 2 are shown. 
About drawing 3 (a), the adhesive layer 135 is formed on the resonator 
substrate base 50. The adhesive layer 135 provides with an adhesion 
property functionally the layer of the consecutiveness formed on it. 
Although the adhesive layer 135 is continuous, formation of a pinhole 
does not bar the use. Although the adhesive layer 135 contains titanium 
(Ti) or chromium (Cr), a permutation like a zirconium (Zr), a hafnium 
(Hf), vanadium (V), niobium (Nb), a tantalum (Ta), molybdenum (Mo), and 
a tungsten (W) will also become clear for this contractor by explanation 
in here, for example. 

[0031] On the adhesive layer 135, the bottom electrode 140 containing 
aluminum (aluminum) is formed. Moreover, the textured film 145 of the 
platinum (Ft) for promoting new chestnut ESHON and erystallinity in the 
layer formed behind is also contained on an electrode 140. On the 
textured film 145, the piezoelectricity crystalline substance layer 150 
and the top electrode 155 are formed. 

[0032] In drawing 3 (b), the adhesive electrode layer 160 is formed on 
the resonator substrate base 50. Although the adhesive electrode layer 
160 contains titanium (Ti) or chromium (Cr), a permutation like a 
zirconium (Zr), a hafnium (Hf), vanadium (V), niobium (Nb), a tantalum 
(Ta), molybdenum (Mo), and a tungsten (W) will become clear to this 
contractor by explanation in here, for example. The textured film 165 
for promoting new chestnut ESHON in the layer behind formed on the 



adhesive electrode layer 160 is formed. On the textured film 165, the 
textured piezoelectricity layer 170 and the top electrode 175 are formed, 
[0033] In drawing 4 (a) and 4 (b), the plan of the transverse-plane 
acoustic wave (SAW) device 200 and the bulk acoustic wave (BAW) device 
220 is shown. The SAW device 200 contains the electrode elements 205 and 
210 of the pair formed on the resonance element 215. Each electrode 
elements 205 and 210 which work as INTADEJITARUTORANSUDEYUSA (IDT) 
enable an acoustic wave to spread in the direction of an axis of 
abscissa. On the contrary, the BAW device 220 enables propagation of the 
compressive direction acoustic wave of an axis of ordinate including the 
bottom, the top electrodes 225 and 230, and the resonance element that 
was formed between them and that is not illustrated. 
[0034] The flow chart of the approach of manufacturing a resonator is 
shown in drawing 5 . As mentioned above, the resonator manufactured may 
be an acoustic wave component like a BAW device or a SAW device. 
Moreover, although a resonator contains the textured piezoelectricity 
layer of a zinc oxide, various alternatives become clear to this 
contractor by the indication in here. 

[0035] First, this approach contains the step (240) which offers the 
resonator substrate base. As mentioned above, the resonator substrate 
base contains many layers of stack structure. However, it is clear to 
this contractor that the resonator substrate base' s air gap sound cavity 
may also be included. 

[0036] The resonator substrate base contains a substrate layer. In 1 
operation gestalt of this invention, a substrate layer contains silicon 
(Si). However, various replacement is clear for this contractor, and a 
resonator may contain a diamond, Xtal, silicon carbide (SiC), sapphire 
(aluminum 203), gallium arsenide (GaAs), and other ingredients clear 
[ from the indication in here ] to this contractor. 
[0037] The resonator substrate base also contains the stack of a 
dielectric layer. A dielectric stack contains the mutual amorphous 
diacid-ized silicon (a-Si02) layer and mutual amorphous alumimium 
nitride (a-AlN) layer of a lot at least. In an example, a dielectric 
stack contains nine layers. Here, the nine-layer stack of a dielectric 
contains the amorphous diacid-ized silicon (a-Si02) layer of the maximum 
upper layer arranged on four amorphous alumimium nitride (a-AlN) layers 
formed, respectively four amorphous diacid-ized silicon (a-Si02) layer 
and on it, and the top amorphous alumimium nitride (a-AlN) layer. 
[0038] It is clear for this contractor that alternative-a configuration 
and an ingredient can use it for a stacked dielectric layer. It can 
follow, for example, diacid-ized silicon (Si02) can use it instead of 



amorphous diacid-ized silicon (a-Si02), and alumimiuin nitride (AIN) can 
consider as instead of [ of amorphous alumimium nitride (a-AlN) ] 
similarly. 

[0039] After offering the resonator substrate base, a PURIKURIN step 
(250) is performed. This step means making the best base front face 
clean, before forming a layer on it. Although a PURIKURIN step may be 
performed using various known approaches, it is convenient to make a 
substrate clean under existence of an argon (Ar) and a nitrogen (N2) 
plasma edge. Moreover, it is desirable by performing base pressure 
measurement with a vacuum gage to evaluate the cleanness of a chamber 
before activation of a PURIKURIN step. 

[0040] Next, an adhesive layer is formed on the best diacid-ized silicon 
layer made clean. An adhesive layer offers functionally the adhesion 
property over the layer of the consecutiveness formed on it. Although 
the adhesive layer is continuous, formation of a pinhole does not bar 
the use. Although an adhesive layer contains titanium (Ti) or chromium 
(Cr), a substitute like a predetermined alloy will become clear from the 
publication in here by this contractor at a zirconium (Zr), a hafnium 
(Hf), vanadium (V), niobium (Nb), a tantalum (Ta), molybdenum (Mo), and 
a tungsten (W) list, for example. 

[0041] It sets in 1 operation gestalt of this invention, and an adhesive 
layer is formed of the sputtering step under existence of the argon (Ar) 
plasma. Other various conditions and parameters including pressurizing a 
substrate and heating by the DC power supply are used for this 
sputtering step, and it is realized conveniently. Moreover, before 
forming an adhesive layer, it is desirable to make a sputtering target 
clean. 

[0042] If the adhesive layer of desired thickness is obtained, the new 
chestnut ESHON promotion film for promoting consecutive new chestnut 
ESHON and crystallinity will be formed on an adhesive layer. The 
textured film works functionally as an electrode and has a non-oxidizing 
conductivity property desirably. In 1 operation gestalt, although the 
new chestnut ESHON promotion film which works as an electrode contains 
platinum (Pt), various non-oxidizing alternatives like Au may be used, 
for example. In another operation gestalt, the new chestnut ESHON 
promotion film has the face-centered lattice cube (fee) structure of 
<111> orientation so that the atomic plane of the crystalline substance 
structure formed may become parallel to the resonator substrate base and 
new chestnut ESHON of the textured piezoelectricity layer formed behind 
may be promoted further. 

[0043] The new chestnut ESHON promotion film is patternized in the 



further operation gestalt of this invention. The new chestnut ESHON 
promotion film is desirably formed of a sputtering step under existence 
of the argon (Ar) plasma. This sputtering step is realized using other 
various conditions and parameters including pressurizing a substrate and 
heating using a DC power supply. Before forming the new chestnut ESHON 
promotion film, it is desirable to make a sputtering target clean. 
[0044] Then, orientation is carried out and the textured 
piezoelectricity layer which has the crystalline substance structure 
which aligned atomically is formed on the new chestnut ESHON promotion 
film. In 1 operation gestalt of this invention, a textured 
piezoelectricity layer contains a zinc-oxide thin film, for example, it 
is Ar:02. Under existence of the reactant plasma [ like ], it is formed 
of a reactive-sputtering step. As for this reactive-sputtering step, it 
is desirable to realize using other various conditions and parameters 
including pressurizing and heating a substrate using RF power source. 
[0045] Moreover, before forming a textured piezoelectricity layer, it is 
desirable to make a sputtering target clean. In another operation 
gestalt, the resonator substrate base containing the textured film which 
forms an adhesive layer and the 1st electrode is rotated, while a 
reactive-sputtering step is performed. Moreover, although the thin film 
of a zinc oxide is used for this invention to a textured 
piezoelectricity layer, a substitute like other ingredients which has 
URUTSU structure will become clear by this contractor at alumimiura 
nitride (AIN) or a cadmium-sulf ide (CdS) list based on the indication in 
here. 

[0046] If a textured piezoelectricity layer is formed, it will be the 
2nd, namely, a top electrode will be formed. A top electrode may be 
patternized so that electric contact may be formed. A top electrode 
contains aluminum (aluminum). However, various alternatives like Ti or 
Au will become clear for this contractor based on the indication in here, 
for example. Fundamentally, these substitutes can characterize under the 
condition that they are conductivity, an adhesive property, and/or a 
non-oxidizing quality. Moreover, it must be made for the load to the 
alternative chosen (mass loading), a consistency, and acoustical loss 
not to have to have a bad influence on the capacity for a textured 
piezoelectricity layer to resonate. 
[0047] 

[Example] In one example, the resonator was formed so that it might have 
the fundamental frequency of about 3. 5GHz. The resonator substrate base 
used for this purpose is (Silicon Si) substrate base, and each of five 
consecutive amorphous diacid-ized silicon layers and an amorphous 



alumimium nitride layer had the thickness of about 4300A and 7600A, 
respectively. The adhesive layer of the titanium (Ti) formed on the best 
amorphous diacid-ized silicon layer had the thickness of about lOOA, and 
both the new chestnut ESHON promotion film of Pt and a top electrode had 
the thickness of about lOOOA respectively. The zinc-oxide layer 
sandwiched between the new chestnut ESHON promotion film of Pt and a top 
electrode had the thickness of about 0.72 micrometers. 
[0048] In this example, the pre clean (pre-clean) step contained in 
about 200 degrees C the step which heats a substrate in the argon under 
plasma discharge which has the ratio of 3:2 of the pressure of the step 
which cleans a chamber first by the base pressure of abbreviation 9x10- 
8Torr, and about 10 mTorr(s) (Ar), and the ambient atmosphere of 
nitrogen (N2). Then, the sputtering step was performed and (Titanium Ti) 
adhesive property layer was manufactured. Were PURISUPATTA [ for about 
30 seconds ] the sputtering target first, and the titanium (Ti) spatter 
was carried out on the best amorphous diacid-ized silicon layer, and the 
titanium (Ti) layer was formed. 

[0049] This sputtering step was the sputtering tool to which electric 
power was supplied according to 3kWDC power sources, in the pressure of 
about 6 mTorr(s), heated the substrate at about 200 degrees C, and was 
performed. Then, after the pre spatter of the sputtering target was 
carried out for about 30 seconds, the textured platinum (Pt) thin film 
was formed. Sputtering of a platinum (Pt) thin film was the sputtering 
tool to which electric power was supplied according to 3kWDC power 
sources, in the pressure of about 10 mTorr(s), heated the substrate at 
about 200 degrees C, and was performed. 

[0050] About the zinc-oxide thin film, a (radio frequency RF) planar 
magnetron sputtering tool and ANELVASPF-332H were used in order to form 
the zinc-oxide film. This tool consists of an RF power source in the 
very-low-temperature vacuum pump for realizing a base pressure lower 
than 5xlO-7Torr, and the frequency of 13. 56MHz equipped with the 
matching unit. 

[0051] RF power source had 2. OkV plate voltage and 91raA plate current, 
the incidence power of 120W, and the reflective power of 75W. Moreover, 
a tool is a 3 inch diameter coaxial planar magnetron under a target 
electrode holder, and Ar and 02. The quartz watch lamp for heating a 
substrate was used for the gas inlet list. The zinc target was a 3 inch 
diameter and was 3mra from spacing of 9. 5cm, and 2. 5 inch target aperture 
from 0. 125 inch thickness and a substrate. 

[0052] a zinc target ~ Pure Tech from ~ the thing of 99. 995% of purity 
was obtained. Zn target is Ar:02 in the ratio of 1:1 which carries out a 



discharge at 5sccra flow rate to each gas with the changing chamber 
pressure. The reactant spatter was carried out in the plasma. In the 
deposition step, the 4 inch Maine butterfly valve was prepared in order 
to control the total pressure in a system. Ar and 02 It was mixed 
beforehand and high grade gas [ like ] was introduced into the system. 
The flow rate was adjusted by the manual leak bulb, and was measured 
using the flow meter obtained from Matheson. The total working pressure 
in a system is MKS Baratron. It was measured with the capacitance gage. 
[0053] In advance of deposition of the zinc oxide to a substrate, the 
pre spatter of the target was carried out for 10 minutes. The shutter 
was formed in order to prevent zinc-oxide deposition of during this 
period and a up to [a substrate ]. A shutter is removed after a 
PURISUPATTA ring and, thereby, the plasma impedance was changed. As a 
result, RF power source was readjusted using the accompanying matching 
unit, and the sputtering process step was optimized. The zinc-oxide thin 
film had all about 2-hour sputtering time amount and a sputtering rate 
for 64A/to the obtained thickness of about 0. 72 micrometers. 
[0054] The substrate has been arranged to a target front face between 
sputtering at juxtaposition at spatter down geometry. The substrate was 
intentionally heated with the built-in quartz watch lamp, or was heated 
by energy-particle collision by the temperature between 45 degrees C and 
65 degrees C to the temperature which changes to 700 degrees C from 200 
degrees C. substrate temperature — the bottom of a substrate — and it 
was measured by the heat conductive pair contacted and prepared. 
[0055] In drawing 6 , the relation between the half-value width of omega 
is shown as a function of substrate temperature whenever [ resistivity / 
which is called "a rocking curve (rocking curve)'' generally / the zinc 
oxide thin film formed on the textured film of Pt /, and angle-of- 
diffraction ]. This graph shows the result of the example mentioned 
above. Ideally, a resonator must have the greatest resistivity and the 
greatest, minimum rocking curve, x line diffraction was used and the 
graph showed that a heating step (about 600 degrees C thru/or 650 
degrees C) was advantageous in formation of a zinc-oxide thin film. 
[0056] In drawing 7 , the block diagram of the radio frequency (RF) 
device 300 by another operation gestalt of this invention is shown. The 
RF device 300 shows one application of this invention. Based on the 
indication in here, the RF device 300 may be realized by other electron 
devices which need other transmitters and/or applications, and 
resonators for a Personal Communication Service (PCS) device, a cellular 
phone machine, a pager, a communication satellite, and a list so that 
clearly for this contractor. 



[0057] The RF device 300 contains the antenna 305 for transmitting or 
receiving the signal from duplexer (diplexer) 310. Duplexer 310 is 
combined with the transmitter which is not illustrated in the 
alternative operation gestalt. To a filter 315, it filters and duplexer 
310 generates delivery and the signal which had the band of a result 
restricted for a signal. The signal which had the band restricted is 
amplified by the amplifier 320, and a filter is carried out with a 
filter 325, and it generates the signal which had the band restricted 
further. 

[0058] The signal which had the band restricted twice is passed to a 
mixer 330 after that. A mixer 330 mixes the signal which had the band 
restricted twice with the local-oscillator signal by which was generated 
by the local oscillator 340 and the filter was carried out with the band 
limit filter 335. And in order to remove a local transmitter signal, the 
band limit filter 345 is passed by the acquired output signal which was 
mixed. As a result, the intermediate frequency (IF) output 350 is 
generated as an output of a filter 345. The output of a filter 345 is 
passed to IF receiver component which is not illustrated for consecutive 
processing. 

[0059] In this operation gestalt, a local oscillator 340 contains the 
resonator formed from the thin film. As mentioned above, a thin film 
resonator has the resonator substrate base, a bottom electrode, an 
adhesive layer, the new chestnut ESHON film, the thin film textured 
piezoelectricity layer by which reactive sputtering was carried out, and 
the stack structure containing a top electrode. The textured 
piezoelectricity layer in 1 operation gestalt by which the reactant 
spatter was carried out will become clear [ an alternative ] for this 
contractor by the indication in here, although it contains a zinc oxide. 
It should become clear for this contractor that a resonator filter 
realizes and filters 315,325,335 and 345 get. 

[0060] Although relation with an instantiation-operation gestalt 
explained specific invention, this application is not limited to this. 
Although this invention was explained above, the operation gestalt 
additional in various deformation lists of an instantiation-operation 
gestalt will also become clear for this contractor with reference to the 
specification, without separating from the pneuma of this invention. 
Although the method of manufacturing a resonator and a resonator was 
indicated, probably, it will be clear for this contractor this 
invention' s for it to be able to apply to other devices based on the 
transducer phenomenon of the resonator which changes electric energy 
into a filter list like a band limit filter at mechanical oscillation 



and which reaches and changes mechanical oscillation into electric 
energy. Moreover, the structure and its manufacture approach of the 
textured zinc-oxide film which uses the new chestnut ESHON promotion 
film may have other additional applications, such as a resonator which 
becomes clear for this contractor based on the indication in here. 
[0061] 

[Effect of the Invention] According to this invention, the thin film 
zinc-oxide resonator which has higher crystallinity and a higher 
stacking tendency, and its manufacture approach can be offered, without 
affecting the resistivity. 
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[Brief Description of the Drawings] 

[Drawing 1] Perspective drawing showing 1 operation gestalt of this 
invention. 

[Drawing 2] The sectional view showing 1 operation gestalt of this 
invention. 

[Drawing 3] The sectional view showing the further operation gestalt of 
this invention. 

[Drawing 4] The plan showing the 1st and 2nd side faces of this 
invention. 

[Drawing 5] The flow chart by another operation gestalt of this 
invention. 

[Drawing 6] Drawing showing the resistivity (ohm-cm) by one example of 
this invention, a diffraction locking angle (degree), and a temperature 
(degree C) property. 

[Drawing 7] The block diagram showing another operation gestalt of this 
invention. 



[Description of Notations] 
40 Resonator 

50 Resonator Substrate Base 

65 Substrate Layer 

70, 80, 90, 100 a-SiO two-layer 

75, 85, 95, 105 a-AlN layer 

110 Best A-SiO Two-layer 

115, 135 Adhesive layer 

120, 140, 225 Bottom electrode 

125, 170 Textured piezoelectricity layer 

130, 155, 175, 230 Top electrode 

145, 165 Textured film 

150 Piezoelectricity Crystalline Substance Layer 

160 Adhesive Electrode Layer 

200 SAW Device 

205,210 Electrode element 

215 Resonance Element 
220 BAW Device 
300 RF Device 
305 Antenna 

310 Duplexer Transmitter 
315,325,335,350 Filter 
320 Amplifier 
325 Filter 
330 Mixer 

340 Local Oscillator 
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[Drawing 5] 
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[Drawing 6] 
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[Drawing 7] 
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